Preference tests were used to assess a range of enrichment options for rats kept under standard New Zealand (and similar) caging conditions. T he rat s did not show signi®cant preferences for most of the options, over an empty cage. T he exceptions were shredded paper, a nesting box and a semi-enriched condition incorporating a range of modi®cat ions. T hese cage modi®cations are recommended for the enrichment of laboratory rats.
T here are a limited number of empirical studies relating to cage enrichment for rat s. Of the few published experiments that have addressed this question, most have tested rats' preference for an enrichment item by observing where the rat spent time after the item was placed on one side of its cage. If the rat spent most of its time on the`enriched' side, the enrichment was considered successful. Bradshaw and Poling (1991) , for example, found that rats prefer wooden platform s, wood chips and paper towels over an empty cage. Other studies have detected preferences for vertical barriers (Anzaldo e t a l. 1994) , hanging chains (Denny 1975 ) and nest boxes (Townsend 1997 , Manser e t a l. 1998 . Conversely, rat s do not prefer tunnels (Bradshaw & Poling 1991 ) , or a pattern of vertical and horizontal barriers (Anzaldo e t a l. 1994) . Only Bradshaw and Poling compared enrichments directly with each other, ®nding that paper towels were preferred to platform s.
Two studies have gone beyond simple preference measures to investigat e the effect of an enrichment item on rats' behaviours. Townsend (1997 ) showed that in the presence of a nest box, some behaviours (rearing, walking, eating) decreased in frequency, some (resting) remained the sam e and some (nest box related behaviours) becom e possible. Similarly, Schneider (1988) observed that the presence of wood chips allowed rats to show nesting and chewing behaviour. It is dif®cult to say whether these behaviour changes are necessarily bene®cial; however, they do serve to show whether an enrichment item is being used in the way its name im plies (nest box, tunnel etc.) .
A few studies have varied the dimensions and construction of the cage, rather than its contents. In terms of cage mat erials, solid oors are better for rat s than mesh¯oors (Mundy & Porter 1969) . With regard to cage dimensions, Lawlor (1990 ) reviewed data related to cage size and concluded that to avoid harm to the rat (such as foot lesions and premature death ), large rats (over 900 g) require 1800 cm 2 of¯oor space when housed singly, or 1000 cm 2 per rat (as well as 30 cm of cage height) when housed in a group.
Nevertheless, it has been demonstrated that rat s will grow and reproduce in cages with very modest dim ensions. T hus rats may have a limited need for open space pe r se . In contrast, one of the most general ®ndings regarding cage space is that rats prefer complex forms of space (Ban tin & Sanders 1989 ). T hus, it is possible that rat s would bene®t from increases in complex, rather than open, space.
Finally, the social group may be an important part of the cage environment. Rats grow and survive best when housed in small stable groups of three (Brown e t a l. 1968 ) , to ®ve (Syme & Hughes 1972 ) rats. Lawlor (1990 ) concluded`. . . in rats group size generally has more effect on well-being than cage size'. However, not all studies have found group size to be a very in¯uential factor (Mundy & Porter 1969 ) .
T he caging provided for rats at the anim al behaviour laboratory at the Victoria University of Wellington was typical of laboratories throughout New Zealand (auth ors survey 1995 ) and consisted of 900 cm 2 6 23 cm rectangular cages with wood chips on a solid plastic¯oor and a wire top half. T he rats were provided only with tunnels made from sections of plastic downspout, i.e. the cages had no nest box, platform s or paper. T he standard group size was two. T hus in terms of space, group size and cage complexity the housing conditions at Victoria University of Wellington were inadequate when compared with those recommendations of the previously described literat ure. T his paper reports studies which have sought to (1) provide evidence about the reliabilit y (or otherwise) of the limited number of previous studies; (2 ) test the current space and group size recommendations using a preference procedure so that the ®ndings could be compared directly with data relating cage objects and ®xtures; (3 ) replicate studies which had used male Sprague-Dawley rats using both male and female Hooded Norway rats; and (4 ) extend previous studies by including a wider range of interventions.
Experiment 1
A study was carried out to assess the rats' preferences for (1 ) increased space; (2 ) a large social group; (3 ) novel objects (toys ); and (4 ) ®xed wooden columns. A ®fth condition (semi-enriched) included all four of these modi®cations. Preference for each of these environmental conditions was assessed relative to a standard cage contai ning only wood shavings.
Ma te ria ls a nd m e th o d s
Subjects were 12 (6 male and 6 female) inbred Hooded Norway rat s aged 6 months to 2 years (average 18 months). T he animals were provided by the Victoria University of Wellington's breeding facility, and had variable prior experience ranging from being breeding stock, to serving in a range of operant experiments. T he subjects were housed in standard cages (previously described) with a room temperature of 21 C and under a reversed 12 h¯uorescent lighting regime. All testing was performed under red light. Rat s were swapped regularly between adjac ent cages so that groups of four rats were reasonably familiar with each other.
Preference was tested using two separate methods. T he ®rst method used a small; enclosed T-shaped tunnel (see Fig 1) . One end of the tunnel was open to allow access for a rat, while each of the other two ends could be attac hed through an opening in the wire top half of the cage to either the enriched or empty cage (this will be referred to as the Tmaze). T he second method used enriched and empty cages which were connected together by a 12 cm diam eter hole, allowing the rat free access to both (this will be referred to as the continuous access box).
T he environmental conditions provided were: one double-sized cage, one cage containing three rats, one cage containing four ®xed wooden pillars and one cage containing four novel objects. T he novel objects were selected from 40 discarded toys and pieces of equipment, limited in size and weight so that a rat could move them about the cage and so Fig 1 (a) the T-maze and (b) the continuous access box, as viewed from above that they did not take up more than oneeighth of the available space. Otherwise they were chosen for variety in shape and material (e.g. a large marble, a wooden block, a chicken wire ball ). T he double-sized cage (1800 cm 2 ) was made by joining two cages together and met Lawlor's (1990 ) standard dim ensions for keeping adult pairs of either sex together.
Each subject was observed 60 tim es in each environment, and with each piece of equipment. In the T-m aze, this involved each rat being individually put into the start tunnel of the maze, whereupon it would run down the tunnel and turn left or right. T he animal's choice was recorded. T he rat was kept in the chosen environment for 5 min and then returned to the start of the T-maze. In the continuous access box the position of the rat was observed without handling every 5 min. T he rat's position was recorded as being either in the enriched or standard cage. Dat a were collected in daily sessions of one hour durati on.
Re sults
If the rats had no preference for the enriched environment then their choices in the Tmaze should have been random and based on the binomial probability distributi on, choosing one option with 36 or more of the 60 trials would occur less than 5% of the time. T hus for the T-m aze data, if on average the rats selected the enriched option with 36 or more of the trials, the option indicated was considered to be preferred (binomial P < 0.05).
T he top graph in Fig 2 shows the means and standard errors for each enrichment option. T his ®gure shows that additional space, pillars or objects were not signi®cantly preferred over the standard cage. However, additional rats and the semi-enriched condition that included all four separate enrichments were signi®cantly preferred.
T he bottom graph in Fig 2 provides equivalent dat a from the continuous access box. Data from the continuous access box were interpreted in the same way as data obtained from the T-maze for three of the environmental conditions: pillars, objects, and addit ional rat s. T hat is, if on average the rats were observed in the enriched cage for 36 or more of the observat ions, the option indicat ed was considered to be preferred (binomial P < 0.05 ). On this basis none of these enrichment conditions were preferred over the standard cage. During the two conditions where the enrichment included increased space, the double-sized cage and semienriched conditions, the rats were on average observed in the enriched environment for more than 36 of the observati on trials. T hese results may indicate that the rats preferred these two enrichment conditions over standard caging. However these data are more dif® cult to interpret.
With the continuous access procedure, if the rats perceived the two environments as (30) and the higher line shows preference for the enrichment that is signi cantly higher than chance (36). The top graph represents data from the T-maze and the bottom graph data from the continuous access box separate areas then spending more time in one of the environments may re¯ect a preference for that environment. However, with this procedure it is also possible that the rats did not mak e a distinction between the two connected environments. In such a situati on a rat may wander randomly through both environments but, as a result of the cages' relative size, they would be observed more often in the larger, and thus enriched, environment. T his could occur even if the rats had no preference for that environment. T hus in conditions where the enrichment increased the space available, the continuous access box may overestimate preference for the enriched side and data from these conditions must be interpreted with caution. T his is particularly the case for one of the two conditions that involved increased space, the double-sized cage, as the two environments were very similar. In this condition the rats may not have perceived the two environments as separate areas but rather have viewed the whole apparatus as a series of connected standard cages, and the signi®cant preference recorded for that condition may be viewed as an artefact of the preference measure.
Only the semi-enriched condition (including all four enrichments) was signi®cantly preferred, as measured by both procedures.
Disc ussio n
None of the single enrichments was preferred, as measured by both T-maze and continuous access box. For the conditions where data obtained from the two procedures can be directly compared (i.e. excluding conditions with unequal cage sizes) the Tmaze tended to produce higher estimates of preference than the continuous access box. T his is consistent with the observations of Dawkins (1976 ) and Hughes and Blac k (1973 ) , the only other studies to use both methods, and suggests that the T-maze may be a more sensitive measure of preference.
In the T-maze procedure, rat s signi®cantly preferred an environment with access to a group of three rats. It is possible that this enrichment was preferred only in the T-maze because that procedure allowed the subjects to make direct contact with the companion animals. With the continuous access box this was not possible, as the experimental rat had to be free to move between the enriched and standard conditions, but the companion animals had to be restrained. T his may have reduced the enriching qualities of social contact . T his interpretation of the data was supported when the T-maze condition was repeated with the three rats held behind a wire screen. In this situation, preference reduced to 35 trials out of 60, which is below the level considered to re¯ect signi®cant preference.
T he semi-enriched condition, which combined all four enrichments, was signi®cantly preferred, as measured by both procedures. T his indicates that there were some conditions for which the rats would show a signi®cant preference. It also suggested that the effect of enrichment might not depend on any of its ingredients, but on interactions between these ingredientsÐenrichment is more than the sum of its parts.
Experiment 2
Of the four separate dim ensions of environmental enrichment, a larger group size was the one option for which the rats from the previous experiment showed a statistically signi®cant preference. However, enlarging group size necessarily involves increasing the size of the cage. T hus such an enrichment may be dif®cult to provide in laborat ories designed to accommodat e smaller cage sizes.
T he current experiment investigated effective enrichment devices that could be incorporated into standard housing. Such devices could be used in the short term whilst investigat ing the potential for longterm use of a larger group cage.
T he rats (Experiment 1 and other unpublished dat a) did not prefer arbitraril y chosen novel objects. However, objects chosen in a less arbitrary way to ful®l speci®c behavioural functions might be more successful. Some behaviours that rats show readily are resting, chewing, perching and tunnelling (Barnett 1963 ) . Objects were chosen to provide some kind of substrate for the performance of these behaviours.
Ma te ria ls and m e th o d s
Using the same subjects and procedures used in Experim ent 1, preference was assessed for the following items:
Four sheets of tissue paper One handful of shredded document paper A wooden platform A PVC tunnel (8 cm diameter, 15±25 cm long) T hree tunnels glued together in a pyramid One plastic cylinder (15 cm diameter base, 15 cm walls) A large coffee tin with a 8 cm entrance hole Two wooden sticks ( 1 cm diam eter, 25± 30 cm long) Four walnuts
In the ®nal stage of the experiment, the enrichment potential of the tin nest box was compared with that of the shredded paper. T his involved cat egorizing the rat's behaviour every 5 min as being: (1 ) resting on or in the item: (2 ) manipulating, standing or leaning on the item; or (3 ) not being in contact with the item. Figure 3 shows mean scores (average number of trials out of the 60 in each condition that the cage with the enrichment item was selected) and the standard errors obtained from both testing procedures. A score of 36 or higher was considered signi®cantly different from chance, based on a binomial distribution (P < 0.05 ). T he ®rst cage additi ons assessed were tissue paper, a plastic cylinder, wooden sticks, platform s and a plastic tunnel. Mean data indicated that the tissue paper was signi®cantly preferred, as measured by the continuous access box; while the platform was signi®cantly preferred, as measured by the T-m aze. Further testing was done to assess preference for shredded paper, walnuts and a tin nest box. In both assessment procedures the shredded paper and tin nest box returned mean preferences that were signi®cantly higher than chance. T he rats' use of the two consistently preferred options (shredded paper and tin nest box) was further investigated. T he rats' behaviours when in the presence of the shredded paper and nest box are shown in Fig  4. T he rats spent 25% of the time at rest on the paper, and 12.5% of the tim e manipulating the paper. With the nest box, they were inside 35% of the time, and leaning or standing on it 10% of the tim e. When preference was tested for the paper vs the tin, the coffee tin was signi®cantly preferred (continuous access: 37.2 SD 3.2, T-maze: 37.6 SD 2.2 ).
Re sults

Disc ussio n
Most of the objects provided did not result in the rat s preferring the cages that contained them. T he four exceptions were tissue paper, shredded paper, a coffee tin nest box and platform s, with only the coffee tin and shredded paper being signi®cantly preferred with both test methods.
T he uses that the rats make of the furniture were only putative in most cases. However, in terms of the shredded paper and the nest box some observations were made that suggest the rats did construct nests with the paper, and used the tin as a nest box. T he rats did not consistently prefer environments that provided opportunities for chewing and tunnelling. T his may be because these behaviours are not highly valued, or becasue the objects provided did not allow the rat to properly perform these behaviours. For exam ple, a rat's lack of preference for the plastic cylinder which was intended as a nest box did not re¯ect a lack of preference for nest boxes pe r se , as the tin nest box was preferred. Likewise tissue paper was not as strongly preferred as shredded paper. Further experiments could examine preferences for other chewing or tunnelling substrates, and other objects that allow additional behaviours such as climbing or swinging might be preferred as highly as the nesting materials. However, this does not detrac t from the clear preference for nesting material, or the recommendation that these should be provided to rats kept in standard cages. When the rats had to choose between the shredded paper and the tin nest box they showed a signi®cant tendency to opt for the tin nest box. T he preference for platform s, as measured by the T-m aze, suggests that this should be investigated as a further promising option, ahead of the plastic tunnels that are normally recommended by welfare guidelines.
